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(54) BIOSENSOR 
(57) Abstract 

PURPOSE: To obtain a biosensor capable of readily and 
rapidly measuring, having high precisian, inexpensively, 
useful In measurement of biopoiymer, etc., by dissolving 
an enzyme and electron acceptor in an absorbing high 
polymer and applying the resultant solution to a 
specific electrode. 

CONSTITUTION: An electroconductJve carbon pasta is 
printed an an insulating substrate 1 such as 
polyethylene tereprrthatate by screen printing to form an 
electrode system consisting of a counter electrode 2, 
measuring electrode and reference electrode 4. Then the 
electrode system is covered with an insulating paste so 
as to leave 2, 3' and 4' part of each electrode and an 
insulating layer 5 is formed. Then a mixed water 
solution of water absorbing high polymer such as starch, 
enzyme such as oxidase and electron acceptor such as 
potassium fenicyanide is applied to the surface of 1he 
electrode system and the applied electrode is dried to 
form a reactive layer 6. Then a sample such as glucose 
is dropped too the reactive layer 6 and response 
electric current is detected to measure concentration of 



a substrate such as glucose. 
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Details of the Invention 

1 . Title of Invention 
Biosensor 

2. Scope of Patent Claims 

(1) This concerns biosensors which consist of an insulator plate equipped with at 
minimum of a working electrode and a. counter electrode and are capable of 
detecting elecCrociicmically the material concentration changes caused by the 
reaction of an enzyme and an electron receptor with the sample solution. The 
enzyme and the electron receptor ore dissolved in a hydrophiUc polymer and are 
applied on the above mentioned electrode system. 

(2) This concerns a biosensor described in the Item (I) of the Scope of Talent Claims, 
the electrode system of which consists of a material mainly made of carbon 
formed on an insulator plate by screen print process- 
es) This concerns biosensors described in the Item (1) of the Scope of Patent Claims, 

the electrode surface of which is covered with a hydrophilic polymer consisting of 
starch, carboxymethyl cellulose, gelatin, acrylate, vinyl alcohol, vinyl pyrrolidone 
or maleic anhydride alone or of their mixtures. 
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3. Detailed Explanation of Invention 
Areas of Industrial Application 



This invention concerns the biosensor, which is capable of rapid and simple assay of 
trace amounts of specific components in biofluid samples without dilution. 



Prior Art 



ConventionaDy, a biosensor shown in Figure 3 is proposed to quantitatively assay 
with high accuracy, specific components inbiofluid samples such as blood without 
(f ° T exam P le > see Jap^e Patent Disclosure Publication, S69- 
1*5852). This biosensor consists of an insulator plate (r) on which a working 

IT?? J?f a COUDter electrode 9 - both made of platinum and each connected to 
leads 10 and 1 1, respectively. The exposed part of this sensor is covered with a 
porous material impregnated with a redox enzyme and an electron receptor. When a 
sample solution is applied on the porous body, the enzyme and me electron receptor 
dissolve m the sample solution. They react with the substrate and activate the 
enzymatic reactions, which result in the reduction of the electron receptor. At the end 
of the aazymahc reactions, this reduced electron receptor is electrochemically 
^^^^T^ ta "» San * le is *» the oxidation 

Problems this invention offers to solve 

With such a conventional system the porous body can be easily changed for each 
measurement. However, the electrode system requires treatments such as rinsing, ff 
Je system mcludmg the electrodes can be made disposable after each measurement, 

2£2S?T TT WlH h t made VCTy Sim P lc * 111 casc - «» system wm bTver/ 
mISs 0051 ° feleCtrode mat «i^ such as platinum and other sectoral 

After extensive studies on these aspects, we now offer an inexpensive disposable 
biosensor, which can very easily, rapidly and accurately assay specific components in 
biofuud samples by unitizing the electrode system and the porous body. 

Means to solve these problems 

*° SoIv . e ^ve-mentioned problems, this invention uses an insulator substmoz on 
which an electrode system, as a minimum requirement, consisting of a working 
electrode and a counter electrode. The electrodes are covered with a hydrophiUc 
polymer with an enzyme and an electron receptor dissolved in. The electrode system 

?*™*tl™ Ch T by P Jacin S a sam P^ solution to measure the substrate 

concentration m the sample solution. 
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Operation 



By this invention, disposable type biosensors including electrode systems can be 
constructed. The substrate concentration can be easily measured by adding sample 

solutions. . . 

In addition, as a hydrophilic polymer containing an enzyme and an election 
receptor is applied on the surface of the electrode system, the enzyme and the electron 
receptor can react with the placed sample near the electrode. They can reach the 
electrode immediately after the reaction. As proteins, which usually interfere with the 
measurement, arc shielded by the hydrophilic polymer, high accuracy measurement 
became possible. 



Examples of Application 

In the following, we will explain the actual application of this invention. 

As an example of biosensors, we will explain the glucose sensor. In Figure 1, 
exploded diagram of the structural body of the glucose sensor is shown. On the 
insulator plate made of polyethylene terephthalate (1), conductive carbon paste is 
printed by screen-printing. By heating and then drying, the electrode system 
comprising of a counter electrode (2), a working electrode (3) and a reference 
electrode (4) is constructed. Then, one part of the electrode system is covered and an 
insulation paste is printed on in the same manner so as to leave the electrocbemically 
reactive portions of each electrode, (2'% (3'), and (4») (1 mm each) uncovered. After 
the heat treatment, the insulator layer (5) is formed. 

On the surface of this electrode system, lec of 1% aqueous solution of 
carboxymcthyl cellulose (CMC) which contains 1 0 mg glucose oxidase and 40 mg 
potassium ferricyanate (electron receptor) well dissolved is applied. The device is 
dried at ambiance to form the reaction layer (6). Two minutes after the application of 
a glucose standard solution, +0.7v pulse voltage measured against the reference 
electrode is applied on the working electrode in the direction of the anode. The 
current is measured five seconds later. In this case, the hydrophilic polymer reacts 
with the added glucose standard solution to form a stable, less fluid liquid layer on the 
electrodes. Dissolved glucose oxidase and potassium ferricyanate react with glucose 
to form ferrocyanate. As a result, by the application of pulse voltage as described 
above, the oxidation current which is related to the concentration of the produced 
ferrocyanate is obtained. This current reading is proportional to the glucose 
concentration. When glucose standard solutions of varied concentrations were tested, 
a good linearity was observed between the glucose concentration and the response 
current up to a very high glucose concentration of 700 mg/dl. 

Similarly, stable response current readings were obtained when blood was used as 
sample solutions. When the reaction layer was constructed on the electrodes by the 
application and natural drying of glucose oxidase and potassium ferricyanate 
solutions without CMC, erythrocites and proteins adsorbed on the electrode surface to 
produce fluctuating low responses. Addition of CMC helps formation of a gel layer 
with consistent thickness on the electrode. CMC also prevents the adsorption of 
erythrocites and proteins and enables to produce tighter response readings. As for the 
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t^t ? ^ 3 range ° f 0,1 " ■ 100 » Was found to be Overawe tor the small 
sample volumes of several ug - 100 ug. If the thickness was below 01u.it JaL 

and £ w^l^^twSf S 1S / b ° Ve 100 * difiUsion <* **>Ple solutions!* poor 
and there were spots that dtd not fcim gel. As glucose oxidase and potassium 

eSoTes^Tth^^ 

CMC S |S2* ,11, i POlymer ; 8elain ° r "»«hy'<»n>aow can be used m .ted of 

Effect of the Invention 

elecu^e^risl^te^ 011 TT ° f 311 <>n which an 

4. Simple Explanation of Figures 

ExSe of" *7 typical biosensor of this invention described in 
tttample of Apphcations. Figure 2 is its lengthwise cross section Fitrurc 3 hTtZ 
lengthwise cross section of a conventional biosensor. 

X^t^^ 3 ~« 
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Figure 1 \ mmm Insulator plate 

Figure 2 2- . Counter electrode 

Figure 3 3... Working electrode 

4. . . Reference electrode 
5 • . . Insulation layer 
€> , . . Reaction layer 



